INTRODUCTION
Many mechanisms have been proposed to generate overpressure (pore fluid pressure in excess of the hydrostatic pressure) in sedimentary basins (see Swarbrick and Osborne, 1998 for a detailed review). The most cited mechanism of overpressure generation in 'young' basins that have undergone recent rapid sedimentation is disequilibrium compaction, as disequilibrium compaction is the dominant overpressure generating mechanism during burial (Swarbrick and Osborne, 1998) .
In 'old' basins that have not undergone significant recent sedimentation (e.g. Cooper Basin), the origin of overpressure cannot be easily attributed to an older burial event.
Maintaining overpressure over long periods of geological time (~100 My) requires seal permeabilities in the range of 10 -23 to 10 -25 m 2 (Deming, 1994) . The lowest measured shale permeability measurements are in the range of 10 -22 to 10 -23 m 2 (Lee and Deming, 2002) . The most cited reason for overpressure generation in 'old' basins is hydrocarbon generation, as overpressure is often associated with hydrocarbon accumulations (Law and Spencer, 1998) . Hydrocarbon generation is caused by increases in temperature, and temperature is often related to burial. Hence, the origin of overpressure in 'old' basins that attained maximum paleotemperature prior to 100 million years ago cannot similarly be easily attributed to temperature-driven processes.
An increase in horizontal stress (tectonic loading) is recognized as a potential overpressure-generating mechanism (Yassir, 1998) . There is a strong relationship between the occurrence of overpressure and contemporary compressional tectonics worldwide (Yassir, 1998) . Tectonic loading can generate overpressure either by increasing mean stress and thereby causing disequilibrium compaction-related overpressure (Goulty, 1998) or due to the process of tectonic shear as described by Yassir (1998) .
In this paper, we demonstrate that overpressure generated by burial-driven disequilibrium compaction or temperaturedriven processes is unlikely to have been maintained to the present day in the Cooper Basin. We quantify the change in horizontal stress magnitudes in the Cooper Basin since the Late Cretaceous and demonstrate that such may be responsible for the overpressure witnessed in the basin. Furthermore, we demonstrate that the velocity-effective stress properties of the overpressured sediments in the Cooper
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The most commonly cited mechanisms of overpressure generation are burial-driven disequilibrium compaction and hydrocarbon generation. However, it is unlikely that these mechanisms generated the overpressure in the Cooper Basin. The last significant burial event in the Cooper Basin was the Cretaceous deposition of the Winton Formation (~90 Ma). Maximum temperature was attained in the Cretaceous, with cooling beginning prior to 75 Ma. Hence, overpressure related to rapid burial or paleo-maximum temperatures (e.g. hydrocarbon generation) must be at least 75 million years old. To hold overpressure in sedimentary basins over this time scale requires average pressure seal permeabilities at or below the lowest published shale permeability measurements. Moreover, the Cooper succession has cooled since the Late Cretaceous, and cooling is an underpressure generating mechanism. Therefore, it is unlikely that burial or temperature driven processes generated the overpressure witnessed in the Cooper Basin. The Cooper Basin has been subjected to an increase in horizontal compressive stress during the Tertiary, and thus an increase in mean stress. The presence of polygonal faulting the Late Cretaceous Eromanga sequence enabled the paleo-stress to be estimated. Layer bound polygonal faulting occurs in a normal fault regime with low differential stress (σv > σH = σh). The contemporary stress regime in the Cooper Basin, measured using the density log, well tests and wellbore deformation modeling, is on the boundary between reverse and strike-slip (σH > σh = σv). The largest measured overpressure in the Cooper Basin is approximately 14.5 MPa in excess of hydrostatic pressure at 3780 m in the Kirby 1 borehole. Mean stress has increased by 46 MPa at 3780 m in the Cooper Basin since the Late Cretaceous. The maximum increase in pressure that can be generated via disequilibrium compaction is equal to the increase in applied stress. Therefore, the increase in mean stress in the Cooper Basin is sufficient to explain the magnitude of the observed overpressure. Additionally, velocity / effective stress analyses on 9 wells indicate that the overpressure was generated by disequilibrium compaction related to increases in mean stress.
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Basin are consistent with the overpressure being generated by an increase in mean stress.
THE ORIGIN OF OVERPRESSURE IN THE COOPER BASIN

Burial-Driven Overpressure Mechanisms
The largest magnitude overpressure witnessed in the Cooper Basin is 14.5 MPa at 3780 m in the Kirby 1 borehole ( Figure  1 ). The largest increase in pore pressure that can be generated by disequilibrium compaction alone (without considering fluid redistribution by lateral and vertical fluid transfer) is equal to the magnitude of the increase in applied stress. The increase in vertical stress due to Cretaceous/Tertiary sediment loading in the CooperEromanga has been determined from vertical stress/depth relations calculated using density data (Engelder, 1993) and check-shot log velocities empirically transformed to densities. Vertical stress/depth relations determined in 25 wells in the Cooper Basin are described by:
( 1) where z is the depth and σv is the vertical stress. Hence, 1480 m of burial would create an additional vertical stress of 29.8 MPa. If the sediments were undrained and all of the vertical stress transferred to the pore fluids this would result in a pore pressure increases of 29.8 MPa, or an overpressure of 14.5 MPa. Hence, at least 1480 m of burial is required to generate the observed overpressure by burial-driven disequilibrium compaction. If the overpressure was generated by burial-driven disequilibrium compaction then overpressure must have begun to develop during or prior to the Early Cretaceous deposition of the Wallumbilla Formation (117.5 to 101 Ma). 
Temperature-Driven Overpressure Mechanisms
The thermal history of the Cooper Basin has been constrained by Geotrack (1997) (Geotrack, 1997) . Measured vitrinite reflectances in the sequence below the Napparmerri Group in the Burley 2 well are greater than 3%, with a maximum of 7% at 3495 m in the Patchawarra Formation (Geotrack, 1997) . These values cannot be explained using the present day geothermal gradient of 61°C /km, and the Permian-Cretaceous section in the Burley 2 well reached measured maturity prior to cooling between 97 and 75 Ma (Geotrack, 1997;  Figure 3 ). If overpressure was generated by hydrocarbon cracking to gas, then overpressures must have been generated prior to 75 Ma.
Overpressure generated by either burial-driven disequilibrium compaction or irreversible, temperaturedependant reactions (e.g. hydrocarbon cracking to gas) in the Cooper Basin must be at least 75 million years old. To maintain overpressure over long periods (~100 million years) requires pressure seal permeabilities at or below the lowest published shale permeability measurements. Additionally, the Cooper Basin has cooled from 90º C/km to 60º C/km and been subjected to multiple periods of exhumation since the Late Cretaceous. Both exhumation and cooling are underpressure-generating mechanisms (Swarbrick and Osborne, 1998) . Hence, it is unlikely that the overpressure witnessed in the Cooper Basin was generated by burial or temperature-driven processes in the Cretaceous and maintained to the present day.
Horizontal Stress-Driven Overpressure Mechanisms
The Cooper Basin has been subjected to an increase in horizontal stress since the Late Cretaceous. Increasing horizontal stress may generate overpressure via disequilibrium compaction due to increases in the mean stress (Goulty, 1998) or via undrained tectonic shear (Yassir, 1998) .
Fracture test data indicate that contemporary minimum horizontal stress (σh) in the Cooper succession is relatively high and approaches the vertical stress. Further, the occurrence of drilling-induced tensile fractures (DITFs) in vertical wells demonstrates that maximum horizontal stress (σH) is significantly greater than the minimum horizontal stress. Hence, the contemporary mean stress in the Cooper succession is significantly higher than the vertical stress. Minimum horizontal stress was estimated by fitting a power relationship (Equation 2) The stress state in the Cooper Basin during the Cretaceous was inferred from the presence of layer-bound, polygonal faults (LBPF) in the Cretaceous Eromanga succession (Oldham and Gibbins, 1995) . LBPF consist of densely packed, minor extensional faults with no preferential strike azimuth (Dewhurst et al, 1999) . The absence of a preferential strike azimuth implies a low differential horizontal stress (σH » σh); (Goulty, 2001) . It is assumed that stress state in the Cooper Basin was relaxed (no tectonic stresses) during the formation of the LBPF because of:
• low differential stress conditions associated with LBPF formation; • LBPF occur predominantly in passive basin settings (Dewhurst et al., 1999) , and; • there is no evidence for a zone of stress detachment between the Cooper and Eromanga Basins.
The horizontal stress magnitudes in the Cooper Basin in the Late Cretaceous have been approximated by the passive basin uniaxial strain reference state (Engelder, 1993; Equation 3) .
Where ν is Poisson's ratio, σv' is vertical effective stress, σh' is minimum horizontal effective stress, and σH' is maximum horizontal effective stress. The vertical stress relationship in the Late Cretaceous was assumed the same as that of the present day (Equation 1). The horizontal stress in the Late Cretaceous in the Cooper Basin was calculated as σH' = σh' = 0.33σv' using a Poisson's ratio of 0.25.
Given the present day and inferred Late Cretaceous stress conditions in the Cooper Basin mean stress has increased by 46 MPa at 3780 m (Table 1 ; Figure 1 ). This increase is sufficient to generate the 14.5 MPa of overpressure measured in the Kirby 1 borehole at 3780 m via disequilibrium compaction.
Velocity-Effective Stress and Overpressure
Sediments lose porosity (compact) as the mean effective stress acting on the rock matrix increases (Goulty, 1998) . The porosity / effective stress path a rock follows during compaction defines a loading curve. Sediments that have undergone disequilibrium compaction fall on the loading curve Alternatively, if the rock becomes overpressured by fluid expansion, the sediments follow an unloading curve. Bowers (1994) proposed that the origin of overpressure could be identified as disequilibrium compaction if the overpressured sediments follow the loading curve, or as fluid expansion if the overpressured sediments follow an unloading curve. Figure 2 shows the velocity-mean effective stress properties of 9 wells from the Cooper Basin. The overpressure data points lie on the loading curve, which is consistent with the overpressure being generated by disequilibrium compaction related to increases in mean stress.
CONCLUSIONS
Overpressure generated by either disequilibrium compaction during rapid burial or hydrocarbon generation in the Cooper Basin must be at least 75 million years old. It is unlikely overpressure generated 75 Ma could be maintained to the present day in the Cooper Basin. Figure 2. Velocity / mean effective-stress profiles for the nine wells studied.
